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Incubation of unfixed and unfrozen slices of normal 
human skin allows visualization of a peroxidase activity 
associated with the perinuclear envelope and with the 
endoplasmic reticulum of resident dermal macrophages, 
dermal mastocytes, and also of some dermal fibroblasts. 
No peroxidase activity can be detected in fibroblasts 
cultivated in monolayer, while 80% of fibroblasts in an 
"in vitro" collagen lattice, called a dermal equivalent, 
express a peroxidase activity in the perinuclear envelope 
and the endoplasmic reticulum. Hence expression of this 
peroxidase activity in normal human skin fibroblasts 
serves as a marker of fibroblast differentiation and 
seems to depend on an interaction to fibroblast with the 
elements of a three-dimensional matrix. 
Using a very specific and sensitive method for detecting 
endogenous peroxidase activity, based on incubation of cells 
and tissues in diaminobenzidine (DAB) prior to fixation [1], 
new endogenous peroxidases were recently described. These 
peroxidases, associated with the perinuclear envelope and the 
endoplasmic reticulum (ER) of megakaryocytes and with the 
ER of human platelets, were used to study megakaryocyte 
leukemia [2,3]; the peroxidase activity also permitted study of 
differentiation of human monocytes in short-term and long-
term cultures [ 4]. Normal human Langerhans cells were shown 
to possess a peroxidase of the same type [5], and more recently 
the appearance of a peroxidase activity associated with the 
perinuclear envelope and the ER of suprabasal keratinocytes 
undergoing orthokeratotic differentiation was shown to be a 
convenient marker for studying epidermal differentiation [6]. 
Finally, cells of renal medullary collecting tubules were shown 
to exhibit such a peroxidase activity in the same intracellular 
locale [7]. 
It was demonstrated in 2 different cell types, cells of renal 
medullary tubules [7] and human platelets [8], that the perox-
idase was involved in prostaglandin synthesis. 
Using the above method we now report a peroxidase activity 
in r esident skin macrophages and in dermal mastocytes. We 
have also found a peroxidase in some dermal fibroblasts "in 
vivo" and in most fibroblasts cultivated in collagen lattices 
[9]. We show that the appearance of peroxidase in dermal 
fibroblasts depends on the incorporation of fibroblasts in a 
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three-dimensional collagen matrix since none of the fibroblasts 
on a plastic substrate expresses peroxidase activity. 
MATERIALS AND METHODS 
Punch biopsies of normal human skin excised during plastic surgery 
were cut in slices 0.7 mm thick perpendicular to the epidermal surface 
with the hand microtome previously described [10] without fixation 
and before use of the reagent DAB. 
Cell cultures were established with fibroblasts from biopsies of adult 
or fetal human skin, in Eagle's minimal essentia l medium (EMEM) or 
McCoy's 5a medium (Flow Labs) with 10% fetal calf serum (FCS) (Flow 
Labs), 100 IU/ ml penicillin, 100 1-1g/ml streptomycin, and 2.5 1-1g/ ml 
Fungizone (Flow Labs), in a 5% C02 atomosphere [12]. We seeded 75 
cm 2 tissue culture flasks with 3-5 X 10'' cells. Under these culture 
condit ions the cells needed about 10 days to reach confluency. 
Cytochemical techniques were performed on cells of subconfluent 
and confluent culture before or after the cells had been removed fTom 
the plastic substrate with trypsin. After trypsinization cells were washed 
with culture medium containing serum to stop trypsin action a nd rinsed 
with salt solution. 
We seeded collagen lattices with fibroblasts from subconfluent or 
just confluent cultures. Cells were removed from a flask by trypsin 
treatment (0.05% trypsin 1:250 and 0.02 EDTA, Flow Labs). The action 
of trypsin was checked by microscopic observation to insure that t he 
enzyme remained in contact with ce lls the shortest possible time. The 
cells were then washed with cul ture medium containing serum and 
suspended in culture medium with 10% FCS and antibiotics. The 
lattices were prepared in 60-mm bacteriologic dishes as previously 
described [9,11,12). Each dish conta ining 2.3 ml of concent rated EMEM 
(Flow Labs) with antibiotics, 1.5 ml of collagen solution, 0.25 ml of 0.1 
M NaOH, 0.45 ml of FCS (Flow Labs), 0.5 ml of EMEM cell suspension 
(6 X 10" cells/ ml ). Collagen was extracted from rat tail tendons in acetic 
ac id (1:1000). The collagen concentration of the solu tion was 1.5-2 mg/ 
ml. Dishes were placed in an incubator at 37°C in a 95% ai.r and 5% C02 
atmosphere. Soon after combining cells with the collagen and other 
ingredients a gel formed, and during the next few days, by a process of 
active compaction of collagen fibrils by the fibrob lasts and the loss of 
fluid by syneresis, the lattice developed a firm tissue-like consistency. 
Cytochemical reactions were performed without fixation either on 
fragments or on 4-mm punches of 2- to 22-day-old lattices. 
The unfixed skin slices and lattice punches were rinsed in salt 
solution and then incuba ted in the dark in DAB medium (2 mg/ ml 
DAB and 0.003% of H20 2 in Ringer's Tris buffer at pH 7.3) [1) 1 h at 
4 oc and 1 h at room temperature. They were washed in salt solu t ion 
before fixation. The cells collected fTom nonconflu ent or confluent 
culture flasks were incubated in DAB medium, in the dark, 1 h at room 
temperature; then the cells were washed with salt solu tion before 
fixation. 
To determine the specificity of the peroxidase activity, fresh t issue 
slices or lattice punches were maintained in buffer containing (a) 2 X 
10- 2 M 3-amino-1,2,4-triazole (AMT), (b) 10- 2, 10- ' , 10- " M KCN, or (c) 
10- 2M azide. Tissue slices were kept at 4 oc for 2 h before incubation in 
DAB medium. They were a llowed to remain in DAB medium with the 
same concentration of inhibitors for 1 h at 4°C and 1 h at room 
temperature. Lattice punches were kept at 4°C for 1h h before incuba-
tion in DAB medium plus inhibitors, where they were allowed to stay 
for 'l2 hat 4°C and 1 h at room temperature. Slices and punches were 
a lso incubated in DAB medium in the absence of H zOz. Some lattice 
pw1ches were immersed for 3 min in a salt solu tion brought just to a 
boil . An additional control for the lattice punches consisted of fixation 
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with glu tara ldehyde (0.125%), 5 min at room temperature before apply-
ing DAB. 
Fixation, dehydratation, embedding, and sectioning were performed 
as previously described [13]. 
RESULTS 
Normal Human Slzin 
A strong peroxidase activity was present in association with 
the perinuclear envelope and the ER of resident skin macro-
phages (Fig 1) and of dermal mastocytes (Fig 2). In these cells 
FIG 1. Ultrastructure of a dermal macrophage (M) in normal human 
skin stained with DAB. A strong peroxidase activity associated with 
the nuclea1· envelope and the ER is seen. The macrophage (M) is in 
close contact with a lymphocyte (L). Bar= 11-1m. 
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the staining of the ER was heavy and appeared as an homoge-
neous deposit of DAB localized in the ER. 
The peroxidase activity visible in some fibroblast-like cells 
was heterogeneous. In some cells (Fig 3) a peroxidase activity 
was associated with the perinuclear envelope and the ER; in 
the ER the DAB deposits were weak and finely speckled. In 
other cells, the peroxidase activity was restricted to the peri-
nuclear envelope and was sometimes very weak. In other cells 
of the same morphologic appearance, peroxidase activity was 
clearly absent despite penetration of DAB as seen by mitocon-
drial cytochrome c oxidase staining. 
Fibroblasts in Collagen Lattices 
In lattices containing a population of human fibroblasts, 80% 
of cells exhibited a clear peroxidase activity in association with 
the perinuclear envelope; in the ER, the DAB deposits were of 
the same types as those observed in the positive fibroblast-like 
cells of human dermis (Fig 4). Some fibroblasts were peroxidase-
negative. The proportion of positive fibroblasts was the same in 
the 2-day-old lattices in which some fibroblasts are in S phase 
and in 22-day-old lattices in which no fibroblasts are in S phase. 
Cells in the lattice were shown to be permeable to DAB since 
mitochondrial cytochrome c oxidase staining was present. 
Fibroblasts in Monolayer Cultures 
When attached to a plastic substrate, fibroblasts in mono-
layer are impermeable to DAB as determined by the absence 
of staining of mitochondrial cytochrome c oxidase. Only when 
cells in monolayer are released from the plastic substrate with 
trypsin does the reagent enter the cells. Mechanical removal of 
cells from the plastic substrate does not allow DAB to penetrate 
the cell membrane. Hence peroxidase activity associated with 
cells in monolayer was assayed for after treatment with trypsin. 
However, in adult or fetal skin fibroblasts from nonconfluent or 
confluent cultures we were unable to observe any peroxidase 
activity in spite of good mitochondrial cytochrome c oxidase 
staining (Fig 5). 
Controls of the Specificity 
In lattices as well as in skin, perinuclear peroxidase activity 
was inhibited by 2 X 10- 2M aminotriazole, 10- 2 M azide, and 10- 2 
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FIG 2. Ultrastructure of a dermal 
mastocyte in intact skin stained with 
DAB. Peroxidase activity associated 
with the nuclear envelope and the ER is 
evident. No peroxidase activity is seen in 
the granu les. Bar= 11-1m. 
FIG 3. Peroxidase activity in a fibro-
blast-like cell associated with the nuclear 
envelope (-) and with the endoplasmic 
reticulum (er -).The DAB deposits on 
the endoplasmic reticulum are weak and 
finely speckled. All the fibroblast-like 
cells have not such a peroxidase activity; 
different degrees can be found as an ac-
tivity restricted to the perinuclear enve-
lope or no activity at all . The penetration 
of DAB is monitored by mitochondrial 
cytochrome c oxidase staining ( mi ::;> ) . 
Bar= l1-1m. 
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FIG 4. Ultrastructure of a skin fibroblast in a collagen lattice. The 
peroxidase activity associated with the nulcear envelope (-) and the 
endoplasmic reticulum (er-) is similar to that observed in fibroblast-
like cells of normal human dermis (Fig 3) which stain positively. Bar 
= lJi.m. 
M KCN. Without H202, perinuclear activity was absent, while 
a light mitochondrial cytochrome c oxidase activity could be 
seen in fibroblasts in lattices. When lattices were immersed in 
boiling salt solution, no activity could be detected. After fixation 
with glutaraldehyde 0.125%, mitochondria were negative while 
a perinuclear peroxidase activity was present. 
DISCUSSION 
The DAB oxidation found in association with the perinuclear 
envelope and the ER of resident skin macrophages, of dermal 
mastocytes, and of some fibroblasts appears to be due to the 
presence of a true peroxidase activity. This activity was sup-
pressed by inhibitors of peroxidases and catalases such as 
aminotriazole and azide as well as by heat inactivation. A weak 
aldehyde fixation inhibited the mitochondrial cytochrome c 
oxidase without inhibiting the peroxidase activity. Moreover, at 
neutral pH, catalase is unable to oxidize DAB in unfixed tis-
sue [1]. 
The peroxidase activity observed in resident skin macro-
phages is quite similar to that described in resident macro-
phages of others tissues [14]. A peroxidase activity has been 
described in rat peritoneal mast cells [15,16]; om results indicate 
that this enzymatic activity is also present in human skin 
mastocytes. 
To the best of our knowledge no peroxidase activity has been 
described in fibroblasts until now. In the normal human dermis, 
DAB cytochemistry allows us to distinguish between 2 popu-
lations of fibroblast-like cells: the fu·st is peroxidase-positive, 
showing gradations from a very faint DAB deposit around the 
nuclear envelope to strong DAB staining associated with the 
nuclear envelope and the ER; the second is peroxidase-negative. 
Two possibilities might explain this difference: the fu·st is that 
the peroxidase activity distinguishes 2 different kinds of cells; 
the second is that fibroblasts may express peroxidase activity 
in one state of differentiation but not in another. 
In order to choose between them we have looked for peroxi-
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FIG 5. Ultrastructure of a skin fibroblast of a monolayer culture. No 
perinuclear (-) or ER peroxidase activity is detectable despite good 
penetration of DAB as evidenced by mitochondrial cytochrome c 
oxidase staining (mi ::)). Bar= 1 Ji.m . 
dase activity in populations of human fibroblasts maintained 
under radically different conditions "in vitro" : in monolayer 
and in collagen lattices. 
In a tissue matrix "in vitro," that is, in a collagen lattice, 
fibroblasts do not divide after 4 days [17], are well separated 
from one another, and are morphologically associated with 
collagen bundles [12]. This environment is similar to the "in 
vivo" one, unlike that of cells in monolayer culture. In collagen 
lattice, "in vitro" fibroblasts resemble cells "in vivo" in 2 re-
spects: they express peroxidase activity and exhibit similar 
properties of DAB permeability. In fibroblasts in monolayer 
these properties are different, but cells in monolayer retain the 
potential of expressing peroxidase activity. If provided with an 
opportunity to interact with and contract a collagen matrix, 
many cells are induced to undergo a differentiation. 
In the collagen lattice, 80% of the cells exhibit peroxidase 
activity in the perinuclear envelope and the adjacent ER, hence 
we conclude that the second alternative proposed to explain the 
heterogeneity of peroxidase expression may be the correct one, 
that is, that the same cells can exist in several states of differ-
entiation. 
A relevent example of this is the observation that a perinu-
clear and ER-associated peroxidase activity is expressed in 
monocytes only when the cells attach to a substrate but not 
when they are in suspension [18]. 
Finally, we suggest that the perinuclear peroxidase activity 
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seen in fibroblasts is a marker for a particular state of differ-
e n t iation expressed by the cells in lattices or in normal human 
dermis, which may be dependent for its expression on some 
interaction with the s wTounding collagen matrix. 
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Recovery of Skin from a Single Suberythemal Dose of Ultraviolet 
Radiation 
LINDA ARBABI, M.D., R. WILLIAM GANGE, M.D., AND JOHN A. PARRISH, M.D. 
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Previous s tudies of exposure of normal skin to ultra-
violet radiation have demonstrated a cumulative effect 
lasting greater than 24 h when r epeated suberythemal 
exposures are given. However, the time course of recov-
ery from a single suberythemal dose of ultraviolet A 
(UV A) or ultraviolet B (UVB) has not been determined. 
We show here for the first time that the period required 
for recovery of normal skin (as measured by delayed 
erythema) following a single suberythemal dose of UV A 
is between 30 and 48 h, and for UVB is between 24 and 
30 h. Photoprotection was noted for both UV A and UVB 
from the fifth through the ninth day after the single 
suberythemal exposure, but was only statistically sig-
nificant on the fourth day after UVB exposure. 
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The curve depicting recovery from a single subery-
themal dose of UV A or UVB from the first irradiation 
time through the fourth day after irradiation may be 
described as an exponential decay curve. Formulas are 
given for both UV A and UVB which describe the expo-
nential nature of this curve. These formulas may be used 
to predict the exact difference in erythema threshold 
between preirradiated and normal skin. From the fourth 
day after exposure to the ninth day, the curve is nearly 
constant. The nature of the recovery curve in the first 4 
days after exposure suggests that an exponential decay 
process occurs in UV A or UVB damage, consistent with 
unstable photoproduct decay, DNA repair, or constitu-
tive enzymatic processes. 
Repeated daily exposure to s uberythemal UV A (320-400 nm) 
and UVB (290-320 nm) lea ds t o cumulative alteration of normal 
human skin, manifest by a lowering of the erythema threshold 
dose. In a r ecent study, Kaidbey and Kligma n concluded that 
the time r equired to repair d amage from a single subthreshold 
exposure to UV radiation is probably longer than 24 h , a nd 
possibly longer than 48 h for greater than 0.50 MED (minimal 
erythema dose, the least . exposure dose causing a minimal 
erythema with 4 definite borders) [1]. Parrish et a] found that 
subthreshold exposure doses of either UV A or UVB radiation 
